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Sim
ulations

of
the

scaling
F
FA

G
P

R
ISM

[1]
lattice,

including
end

effects
and

over-
lapping

fields,have
been

perform
ed

using
IC

O
O

L
[2].

It
is

found
that

the
transverse

acceptance
is

som
ew

hat
greater

for
a

field
assum

ption
that

does
not

contain
too

rapid
field

variation
betw

een
focus

and
de-focus

m
agnets.

T
he

acceptance
is

also
increased

if
the

field
index

scaling
m

agnet
designs

are
replaced

w
ith

linear
non-

scaling
m

agnets
w

ith
approxim

ately
the

sam
e

axialfields
and

gradients.

C
o
n
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n
ts
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u
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n
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1
in

tro
d
u
ctio

n

F
igure

1:
P

R
ISM

L
ayout

P
R

ISM
[?]

(see
figure

1)
is

a
10

cell
scaling

F
ixed

F
ieald

A
lternating

G
radient

(F
FA

G
)
storage

ring
to

be
used

at
JPA

R
C

to
phase

rotate
m

uons
(reducing

their
en-

ergy
spread

w
hile

inccreasing
their

pulse
duration).

T
he

source,from
a

target,w
ill

have
a

very
large

transverse
m

om
entum

phase
space

and
huge

energy
spread.

T
he

requirem
ents

on
the

ring
are,

besides
the

inevitably
large

m
om

entum
com

paction,
are

for
m

axim
um

energy
and

transverse
m

om
entum

acceptance.
T

he
physicalaper-

ture
is

large:
approxim

ately
34

cm
vertically

and
80

cm
horizontally.

T
his

study
is

aim
ed

at
determ

ining
and

studying
the

dynam
ic

acceptances.
W

hile
IC

O
O

L
allow

s
hard

edged
bending

m
agnets

w
ith

specified
radial

field
index

k
(as

used
in

scaling
F
FA

G
’s),

it
does

not
now

specifically
allow

such
indices

in
system

s
w

ith
soft

field
ends

and
inter

penetrating
neighboring

m
agnet

fields
as

are
significant

in
P

R
ISM

and
other

low
m

om
entum

F
FA

G
s.

T
his

study
solves

the
problem

by
approxim

ating
the

field
index

fields
by

a
sum

of
five

m
ultipoles,

and
uses

IC
O

O
L
’s

facility
to

allow
fields

so
specified

to
have

variations
in

length
defined

by
Fourier

sum
s

of
term

s
specifying

periodic
variations

around
a

circular
reference

orbit.
T

he
radialfield

variations
are

assum
ed

to
have

an
idealscaling

F
FA

G
dependence

w
ith

a
given

value
of

the
field

index
k.

Such
fields

are
then

approxim
ated

by
a

sum
of

m
ultipoles

up
to

the
5th

order
(dipole,

sextupole,
octupole

decapole
and

dodecapole).
T

he
strength

of
each

m
ultipole

is
given

by
the

T
aylor

series:

B
(x)

=
B

o (1
+

xR )
k

≈
B

o {
1

+
k (

xR )
+

k(k−
1)

2!

(
xR )

2

+
etc }

=
B

o
+

n
=

5
∑n
=

1

M
n (

rR )
n

w
here

the
M

n ’s
are

m
ultipoles

given
by

M
n

=
B

o ∏
i=

n−
1

i=
0

(k−
i)

n!

G
iven

specified
m

agnets’nom
inallengths

and
nom

inalfields
on

the
nom

inalradius,the
sim

ulated
m

agnets
are

assum
ed

to
have

hyperbolic
tangent

fall
offs

at
each

end
i

w
ith

a
slope

param
eters

Γ
i .

i.e.
at

distances
z

i
from

end
i:

d
z

i
=

z
i /Γ

and
nom

inal
field

B
o :

B
=

B
o

2

{
(e

d
z
1−

e −
d
z
1)

(e
d
z
1
+

e −
d
z
1)

−
(e

d
z
2−

e −
d
z
2)

(e
d
z
2
+

e −
d
z
2) }

F
ields,

so
calculated,

are
Fourier

transform
ed

into
50

Fourier
com

ponents
w

ith
periods

of
1

cell,
1/2

cell,
1/4

cell,
etc.

E
ach

Fourier
com

ponent
could

have
differing

m
ultipole

com
ponents,

but
in

this
study,

the
m

ultipole
com

ponents
for

all
Fourier

com
ponents

are
taken

to
be

identical.
T

his
assum

ption
corresponds

to
field

profiles
that

are
independent

ofradialposition,as
is

approxiam
tely

the
P

R
ISM

case
as

show
n

in
A

rim
oto’s

calculated
fields[3].

T
he

m
ultipoles

for
allFourier

com
ponents

and
their

differentials
up

to
a

specified
order,are

used
by

IC
O

O
L

to
calculate

the
fields

at
points

2



off
the

reference
circle.

Fourier
com

ponents,
as

apposed
to

tables,
are

prefered
because

they
guarantee

sm
oothness

from
cell

to
cell

and
thus

avoid
large

im
proper

higher
differentialcom

ponents
that

could
result

in
errors

in
field

determ
inations

further
from

the
circle.

T
he

follow
ing

plot
show

s
the

observed
vertical

dynam
ic

aperture
vs.

the
calculation’s

order,
for

tw
o

of
the

cases
that

w
ill

be
discussed

in
this

paper.
T

he
plot

suggests
that

errors
from

use
of

third
order

calculkations
are

of
the

order
of

5%
in

am
plitude

(10%
in

acceptance),
w

hile
the

use
of

5th
order

reduces
such

errors
to

the
order

of
1%

in
am

plitude
(2%

in
acceptance).

T
he

qualitative
results

show
n

in
figures

4
to

10
used

3rd
order

calculations,but
the

finalacceptances
show

n
in

figure
13

and
table

5
w

ere
done

to
5th

order.

py max (MeV/c)

ord
er

2
3

4
5

20 25 30 35 40×

×
×

×
L
in

ear
14

cm

×

×
×

×
S
calin

g
fi
tted

F
igure

2:
A

cceptance
vs.

the
order

of
IC

O
O

L
’s

off
axis

field
calculations

In
this

study,
particles

w
ere

introduced
at

a
plane

in
the

center
of

a
long

straight,and
their

positions
and

angles
w

ere
exam

ined
after

each
of

100
identicalcells.

T
he

num
ber

100
corresponds

to
10

turns
for

lattices
w

ith
10

cells,as
in

P
rism

.
Such

positions
and

angles,plotted
in

phase
diagram

s,for
particles

injected
at

sm
allangles,allow

the
derivation

ofclosed
orbits

and
tunes.

Injection
at

larger
angles

allow
studies

of
acceptance,x-y

coupling
and

other
non-linear

effects.
W

e
have

looked
at

tw
o

different
assum

ptions
for

the
m

agnets
nom

inallengths
and

fields.
In

both
cases

param
eters

w
ere

adjusted
to

achieve
specific

tunes
in

x
(in

the
m

achines
radialdirection)

and
y

(vertical).
In

the
first

case,
w

e
used

the
m

agnet
angles

as
given

in
A

rim
oto’s

N
ufac04

talk[3]
and

picked
the

shape
param

eters
Γ
=

15
cm

based
on

a
typical

value
for

a
stand

alone
dipole

w
ith

a
gap

of±
17

cm
.

In
the

second
case,w

e
fit

the
shape

and
m

agnet
param

eters
to

approxim
ate

the
field

vs.
angle

plot
show

n
by

A
rim

oto.
T

he
first

case
generated

fields
that

are
clearly

different
from

those
show

n
by

A
rim

oto,and
m

ight
not

be
w

orthy
of

m
ention

but
for

its
observed

better
acceptance,and

the
lesson

that
this

m
ay

teach
us.

T
racking

one
of

7
single

particles
through

100
cells

takes
approxim

ately
6

seconds
on

a
2.4

G
H

z
P
entium

laptop.
M

uch
of

the
tim

e
is

taken
by

the
calculations

of
the

off
axis

fields.

2
C

a
se

1
:

W
ith

F
ix

e
d

E
n
d

S
h
a
p
e
s

P
aram

eters
w

ere
taken

from
Sato’s

talk
at

N
ufac04[1],as

show
n

in
table

1,and
spaces

betw
een

m
agnets

taken
from

the
figure

2
of

A
rim

oto’s
talk[3].

T
he

shape
param

eter
Γ

(see
above

in
the

introduction)
w

as
taken

at
15

cm
for

all
ends

-
a

value
consistent

w
ith

the
half

gap
dim

ension
of

17
cm

in
a

stand
alone

dipole.
W

hen
run

w
ith

the
field

m
agnitudes

given
in

table
1,

IC
O

O
L

gave
significantly

higher
tunes

than
those

quoted
by

Sato.
T

he
strengths

of
the

3



nom
inal

fields
w

ere
then

adjusted
to

obtain
approxim

ately
Sato’s

tunes.
T

he
results

w
ere

found
to

be
insensitive

to
differences

in
the

tunes
at

the
levelof

the
differences

from
Sato’s

exact
values.

T
he

resulting
param

eters
are

show
n

in
table

2.

T
able

1:
P
aram

eters
from

Sato

F
igure

3:
M

agnet
D

im
ensions

from
A

rim
oto

exponent
k

4.6
cell

m
4.085

num
ber

of
cells

10
nom

inal
radius

m
6.5

nom
inal

m
om

entum
M

eV
68

Shape
param

eter
Γ

m
0.15

L
en

B
G

rad
Sext

O
ct

D
ec

D
odec

m
T

T
/m

T
/m

2
T

/m
3

T
/m

4
T

/m
5

gap
1.316

1
.25

-.0553995
-.2548377

-.4587078
-.3975467

-.1590187
-1.908224E

-02
gap

.227
2

.499
.34092

1.568232
2.822818

2.446442
.9785766

.1174292
gap

.227
3

.25
-.0553995

-.2548377
-.4587078

-.3975467
-.1590187

-1.908224E
-02

gap
1.316

T
ables

2:
P
aram

eters
used

in
case

1

2
.1

S
m

a
ll

a
m

p
litu

d
e

re
su

lts

P
lots

from
a

run
w

ith
sm

all
am

plitude
particles

follow
.

T
he

x
and

y
positions

plotted
are

at
the

center
of

the
long

drift.
T

he
x

is
w

ith
respect

to
a

circle
w

ith
a

6.5
m

radius.
A

s
expected,

the
nom

inal
m

om
entum

closed
orbit

at
that

location
is

negative
because

the
trajectory

there
is

straight.
F
ig.4a

show
s

the
fields

on
the

nom
inalradius

vs
length

along
the

circum
ference.

F
ig4b

show
s

the
closed

orbit
vs

m
om

entum
.

T
he

F
ig.

5a
and

5b
show

the
x

and
y

tunes
w

hich
are,as

expected,
essentially

independent
of

m
om

entum
.

T
able

3
gives

som
e

properties
obtained.

4



n
cells

=
9.999959

cell
=

4.085
(m

)
B

sp
read

=
15

cm
(cf

h
alf

gap
17

cm
)

B (T)

z
(m

)
0

1
2

3
4

-0.25

0.00

0.25

0.50

Closed orbit (cm)

m
om

en
tu

m
(G

eV
/c)

0.04
0.06

0.08
0.10

-100

-50 0 50

1

2

3

4
5

6
7

F
igure

4:
a)

V
ertical

field
vs

azim
uthalposition

b)
C

losed
orbit

position
at

center
of

long
gap

cell x tune

m
om

en
tu

m
(G

eV
/c)

0.04
0.06

0.08
0.10

0.0

0.1

0.2

0.3+
+

+
+

+
+

+

0.040
0.272

0.050
0.272

0.060
0.272

0.070
0.272

0.080
0.273

0.090
0.273

0.100
0.273

cf
0.273

cell y tune

m
om

en
tu

m
(G

eV
/c)

0.04
0.06

0.08
0.10

0.0

0.1

0.2

0.3+
+

+
+

+
+

+

0.040
0.161

0.050
0.160

0.060
0.161

0.070
0.160

0.080
0.160

0.090
0.160

0.100
0.160

cf
0.158

F
igure

5:
T
unes

vs.
m

om
entum

in
the

a)
x

and
b)

y
directions

5



beta
x

m
1.75

beta
y

m
3.8

m
om

entum
range

for±
40

cm
×

2.11
x

tune
at

68
M

eV
/c

.272
x

10
=

2.72
y

tune
at

68
M

eV
/c

0.160
x

10
=

1.60

T
able

3:
R

esulting
sm

all
am

plitude
param

eters
for

case
1

2
.2

D
y
n
a
m

ic
a
p
e
rtu

re

W
e

now
fix

the
initialm

om
enta,but

vary
the

initialam
plitudes

in
x,y,or

both,to
determ

ine
the

dynam
ic

acceptance
of

the
lattice.

F
irst

w
e

look
at

x
m

otion
w

ith
truly

zero
initialy

am
plitude

(no
assym

etry
w

hatever
in

up/dow
n).

T
he

phase
plot

and
tune

vs
am

plitude
is

show
n

in
figure

6a
and

b:

theta x

x
(cm

)
-100

-75
-50

-25
0

25
0.0

0.1

0.2

0.3

0.4

1
1

1
1

1
1

1

1
1

1
11

1

1
1

1
1

1

1
1

11
1

1

1
1

1

1
1

1
1

1
1

1
1

1
1

1

1
1

1
1

1
1

1
1

1
1

1

1
1

1 2 2

2
2

2
2

2

2
2

2
22

2

2
2

2
2

2

2
2

22

2
2

2
2

2

2
2

2
2 2

2

2
2

2
2

2

2
2

2
2

2
2

2
2

2

2
2

2
2

2 3
3

3
3

3
3

3

3
3

3
3

3
3

3
3

3
3

3

3
3

3
3 3

3

3
3

3
3

3

3
3

3
3

3
3

3
3

3

3
3

3
3

3
3

3
3

3
3

3

3
3

3 4
4 4 44

4

4
4

4
4

4

4 4
44

4

4

4

4

4

4

4
4 4

4

4

4

4

4

4

4
4 4 44

4

4
4

4

cell x tune

th
eta

o
(rad

)
0.10

0.15
0.20

0.25
0.30

0.35
0.40

0.10

0.15

0.20

0.25

0.30

+
+

+
+

.14286
0.274

.21429
0.275

.28571
0.274

.37143
0.268

F
igure

6:
a)

x’
x

phase
plot

and
b)

tune
vs.

initial
x

am
plitude

for
true

zero
initial

verticalam
plitude

T
he

purely
dynam

ic
aperture

is
huge

(165
pim

m
)
but

at
this

aperture
the

tracks
pass

outside
the

physicalaperture
(show

n
in

green)
at

plus/m
inus

40
cm

.
T

he
tune

is
seen

to
be

surprisingly
independent

of
this

huge
am

plitude,
changing

only
about

2
%

even
for

an
initial

am
plitude

that
reaches

0.37
radians

(21
degrees).

U
nfortunately

this
huge

aperture
is

non-physical.
T

he
m

otion
in

y
is

unstable.
T

he
F
ig.

7a
and

b
show

the
x

and
y

phase
plots

w
ith

a
very

sm
all

initialy
am

plitude;thus
breaking

the
up/dow

n
sym

m
etry.

W
e

see
that

the
x

dynam
ic

aperture
now

lies
w

ithin
the

physicalaperture
and

has
a

m
uch

low
er

value
.

T
he

y
m

otion,
though

initally
sm

all,
does

not
rem

ain
so.

Its
phase

plot
(F

ig
7b)

appears
chaotic

becuse
it

is
coupled

to
the

x
m

otion.
In

F
ig.

8
(x

and
y

vs.
z)

w
e

see
that

the
x

m
otion

is
largely

oscillatory,but
has

a
sm

allam
plitude

beat.
T

he
y

m
otion,w

ith
large

initialx
am

plitude,
show

s
a

strong
beat,w

ith
am

plitude
starting

sm
allbut

grow
ing

rapidly.
T

here
is

thus
quite

strong
coupling

betw
een

x
and

y
that

leads
to

this
serious

loss
of

acceptance.

6



theta x

x
(cm

)
-100

-75
-50
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2
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2
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2
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2
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2
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4
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4
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4
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4
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4
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0.01
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1
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2
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2
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2

2

2
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2
2

2 22 22 2
2

2
2
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2

2
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2

2

2

2
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2
2

2

2

2
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3

3
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3

3

3
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3
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3

3

3

3

3

3

3
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3
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3
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4

4 4
4

4

4

4

4

4

4
4

4
4

444 4 4
4

4

4
4

4

4

4

4

4

4

4

4

4

4
4

4

4
4

4

4

4

4

4

4
4

4

4

4

44 4

4
4

F
igure

7:
a)

x’
x

phase
plot

and
b)

y’y
phase

plot
for

very
sm

allinitial
verticalam

plitude

x (cm)

z
(m

)
0

100
200

300
400

-75

-50

-25

y (cm)

z
(m

)
0

100
200

300
400

-20

-10 0 10 20

F
igure

8:
a)

x
vs

z
and

b)
y

vs.
z

for
very

sm
all

initialverticalam
plitude,

and
tw

o
initial

x
am

plitudes

W
hen

w
e

try
to

set
the

initialx
am

plitude
to

zero,w
e

cannot
rem

ove
the

intrinsic
x

assym
etries

that
com

e
from

the
curvature

and
field

gradients.
T

hus,
as

w
e

increase
the

initial
y

am
plitude,

any
unstable

coupling
to

x
w

ould
alw

ays
be

apparent.
H

ow
ever,

the
y

phase
plots

(F
ig.

9a)
do

not
in

fact
show

any
such

strong
effects.

B
ut

the
y

dynam
ic

aperture
is

far
less

than
in

x
:

the
y

acceptance
being

only
3.8

pim
m

.
F
ig.

9b
show

s
that

there
is

a
large

am
plitude

dependent
change

in
the

y
tune:

27
%

for
am

plitudes
of

only
0.04

radians.
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y
m

otion
w

ith
ep

silon
in

itial
x

theta y

y
(cm

)
-20

0
20

0.00

0.01

0.02

0.03

0.04

0.05

3

3
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3
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3
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3
3

3
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3
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3
3
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4
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4
4

4
4
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4
4

4
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4

4

4
4

4

4
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4

4

4
4

4

4
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4
4

4
4

4

4

4
4

4

4

4
4

4

4
4

4

4

4
4

4 5
5

5

5

5

5
5

5
5

5

5

5
55

5

5

5

5
5

5
5

5

5

5

5
5

5
5

5

5

5
5

5
5

5
5

5
55

5

5

5

5
5

5
5

5

5

5

5
55

cell y tune

T
h
eta

0
(rad

)
0.00

0.01
0.02

0.03
0.04

0.10

0.15

0.20

0.25

0.30+
+

+
+

+

0
0.160

0.015
0.166

0.022
0.175

0.03
0.185

0.04
0.210

F
igure

9:
a)

y’
y

phase
plot

and
b)

y
tune

vs.
initial

y
am

plitude
for

sm
all

horizontalam
plitude

W
e

have
also

extended
the

study
to

cases
w

ith
significant

am
plitudes

in
both

x
and

y.
F
ig.

10
show

s
x

and
y

angular
acceptances

for
a

num
ber

of
cases.

A
gain

it
is

seen
that

the
very

large
acceptance

for
the

true
zero

y
am

plitude
(the

cross
w

ay
out

on
the

right)
has

nothing
to

do
w

ith
the

true
acceptance.

T
he

x
and

y
am

plitudes
of

a
fitted

ellipse
(as

show
n

dotted
in

fig.
10)

is
probably

the
best

definition
of

useful
acceptances.

Max initial py (MeV/c)

M
ax

in
itial

p
x

(M
eV

/c)
0

10
20

30
0 1 2 3

·
·

·

·

··
·

F
ix

ed
E
n
d

slop
e=

15
cm

3rd
ord

er
calcu

lation

F
igure

10:
A

cceptances
w

ith
finite

x
and

y
initial

am
plitudes,

and
(dotted)

a
fitted

ellipse

N
ote

that
these

results
w

ere
obtained

w
ith

only
third

order
field

calculations,
but

they
are

qualitatively
the

sam
e

as
those

done
to

5th
order.

A
cceptances

for
5th

order
calculations

are
show

n
in

F
ig.

13
and

table
5,

together
w

ith
calculations

for
the

other
cases

considered.

8



3
C

a
se

2
:

W
ith

E
n
d
s

F
itte

d
to

A
rim

o
to

’s
P

lo
t

T
he

fields
used

in
case

1
differ

som
ew

hat
from

those
show

n
(see

fig.
11)

by
A

rim
oto[3].

A
rim

oto’s
field

drop
at

the
end

of
the

defocus
m

agnets
does

correspond
approxim

ately
that

used
in

case
1,

but
the

drop
betw

een
the

focus
and

defocus
m

agnets
is

m
ore

rapid.
So

for
case

2,
w

e
have

fit
the

m
agnet

lengths
and

shape
param

eters
to

A
rim

oto’s
field

dependence
on

z.
F
ig.

12a
show

s
A

rim
oto’s

fields
(red)

and
our

approxim
ation

to
them

(blue).
In

F
ig.

12b
the

fields
for

the
tw

o
cases

are
com

pared.

F
igure

11:
B

y
vs

m
achine

azim
uth

for
differing

verticalpositions
as

show
n

by
A

rim
oto

F
len

0.660
m

D
len

0.247
m

D
/F

fi
eld

s
-.200

F
sh

ap
e

0.087
m

D
sh

ap
e1

0.087
m

D
sh

ap
e2

0.240
m

F
-D

gap
0.153

m

B (T)

z
(m

)
0.00

0.25
0.50

0.75
1.00

-0.25

0.00

0.25

0.50

0.75

1.00

B (T)
z

(m
)

2)
F
itted

en
d

sh
ap

e

-1.0
-0.5

0.0
0.5

1.0
-0.1

0.0

0.1

0.2

0.3

0.4

1)
15

cm
en

d
sh

ap
e

F
igure

12:
B

y
vs.

z
plots:

a)
A

rim
oto’s

(blue)
&

hyperbolic
tangent

fit
(red),

b)
C

ase
1

(red)
&

C
ase

2
(blue)

A
nother

difference
in

the
proceedure

used
in

case
2

w
as

in
the

adjustm
ent

of
param

eters
to

obtain
the

required
tunes.

Instead
of

separately
adjusting

the
nom

inalfields
of

the
tw

o
m

agnet
types

(w
hich

w
ould

spoilthe
fit)

the
overallfield

strength
and

the
length

of
the

focus
m

agnet
(w

hich
does

not
affect

that
fit)

w
ere

adjusted.
G

reater
care

w
as

also
taken

to
obtain

the
exact

tunes
quoted

by
Sato.

T
ables

4
give

the
param

eters
used.

9



exponent
k

4.6
cell

m
4.085

num
ber

of
cells

m
0

nom
inal

radius
m

6.5
nom

inal
m

om
entum

M
eV

68
Shape

param
eter

Γ
m

0.15

L
en

B
G

rad
Sext

O
ct

D
ec

D
odec

m
T

T
/m

T
/m

2
T

/m
3

T
/m

4
T

/m
5

gap
1.3313

1
.24679

-5.443262E
-02

-.2503901
-.4507021

-.3906084
-.1562434

-.0187492
gap

.15341
2

.622
.2721631

1.25195
2.25351

1.953042
.7812168

9.374601E
-02

gap
.15341

3
.24679

-5.443262E
-02

-.2503901
-.4507021

-.3906084
-.1562434

-.0187492
gap

1.3313

T
able

4:
x

and
y

A
cceptances

for
case

2
(F

it
to

A
rim

oto)

T
he

acceptance
w

as
studied,as

in
case

1,for
various

of
x

and
y

am
plitudes.

T
he

results
for

cases
1

and
2,together

w
ith

those
for

tw
o

m
ore

cases
to

be
discussed,

are
show

n
in

F
ig.

13.
T

he
param

eters
of

the
fitted

ellipses
are

given
in

table
5.

Max initial py (MeV/c)

M
ax

in
itial

p
x

(M
eV

/c)
0

5
10

15
0 1 2 3

·
·

·
·

·

··

1)
F
ix

ed
en

d
slop

es

·
·

·
·

·

·
·

68
M

eV
/c

S
calin

g

2)
F
itted

en
d

slop
es

·
·

·
·

·

·

3)
F
ix

ed
en

d
slop

es

·
·

·

·

·

·

·

80
M

eV
/c

N
on

-S
calin

g

4)
F
itted

en
d

slop
es

F
ig.

13:
A

cceptances
and

sam
e

area
ellipses

for
four

cases:
1)

and
2)

for
scaling

lattices;
3)

and
4)

for
non-scaling,linear

lattices.

It
is

seen
that

C
ase

1
has

significantly
greater

acceptance
than

case
2.

T
he

difference
m

ay
arise

from
the

steeper
field

change
in

C
ase

2.

4
C

a
se

s
3

&
4
:

L
in

e
a
r

N
o
n
-S

ca
lin

g
la

ttice
s

W
e

have
also

looked
at

cases
that

used
the

sam
e

z
dependencies

of
the

on
axis

fields,the
sam

e
gradients,and

thus
the

sam
e

centralm
om

entum
tunes

as
cases

1
and

2.
B

ut
for

cases
3

and
4,allm

ultipoles
beyond

the
quadrupole

are
set

to
zero,thus

m
aking

the
m

agnets
into

sim
ple

com
bined

(dipole

10



and
quadrupole)

function
m

agnets.
T

he
tunes

at
m

om
enta

other
than

the
centralreference

value
are

now
no

longer
constant:

the
lattice

is
no

longer
a

”scaling”
F
FA

G
.
Since

the
m

agnets
are

now
”linear”,

it
w

as
hoped

to
increase

the
acceptance.

C
ase

3
used

the
z

dependence
from

case
1;

case
4

used
that

from
case

2.
A

n
im

portant
question

is
w

hether
the

m
om

entum
acceptance

is
still

as
large

as
that

for
the

scaling
case.

T
he

closed
orbits

for
case

3
(fixed

end
shapes)

are
show

n
in

figure
14.

F
igure

15
show

s
the

tunes
as

a
function

of
m

om
entum

.
T

he
closed

orbits
and

tunes
for

case
4

(fitted
end

shapes)
w

ere
essentially

identical
to

those
for

case
3.

displacement (cm)

m
om

en
tu

m
(G

eV
/c)

0.050
0.075

0.100
-100

-50 0 50

1

2

3

4

5
6

F
ig.

14:
C

losed
orbits

vs
m

om
entum

for
case

3:
L
inear

lattice
w

ith
fixed

end
param

eters

cell x tune

m
om

en
tu

m
(G

eV
/c)

0.050
0.075

0.100
0.125

0.0

0.1

0.2

0.3

0.4

+
+

+
+

+
+

+
0.050

0.313
0.060

0.283
0.070

0.271
0.080

0.260
0.100

0.243
0.110

0.237
0.120

0.232

m
om

en
tu

m
(G

eV
/c)

cell y tune

0.050
0.075

0.100
0.0

0.1

0.2

0.3

+
+

+
+

+
+

0.050
0.118

0.060
0.142

0.070
0.162

0.080
0.174

0.100
0.191

0.110
0.197

0.120
0.202

F
ig.

15:
T
unes

a)
for

x,and
b)

for
y

for
case

3
w

ith
linear

fields
and

fixed
end

shapes.

It
w

as
found

that
the

low
est

m
om

entum
used

for
the

scaling
F
FA

G
case

is
unstable

in
both

non-scaling
cases:

the
tune

plots
suggest

that
this

is
because

of
a

third
order

resonance
in

x.
It

w
as

thus
decided

to
m

ove
the

m
om

entum
span

up
12

M
eV

,so
that

the
new

centralm
om

entum
is

80
M

eV
.

11



T
he

closed
centralorbit

has
m

oved
out

by
approxim

ately
20

cm
.

Subsequently
w

e
scale

the
fields

and
dim

ensions
dow

n
to

68
M

eV
and

6.5
m

,so
that

the
acceptances

are
directly

com
parable

to
cases

1
and

2.
W

ith
this

m
odification,

the
m

om
entum

acceptance,
for

the
sam

e
horizontal

aperture
is

a
factor

of
1.99

(com
pared

w
ith

2.11
for

cases
1

and
2).

i.e.
reduced

by
only

6%
.

A
lternatively,

for
the

sam
e

m
om

entum
acceptance

the
apertures

could
have

to
be

increased
by

6
%

.
W

ith
this

scaling
procedure.

F
ig.

16
show

s
the

scaling
(case

1)
and

non-scaling
(case

3)
central

vertical
fields

vs
horizontalposition

in
the

focus
m

agnets.
It

is
seen

that
the

difference
in

shape
is

not
large,

but
the

linear
m

agnets
have

about
15%

low
er

fields.
T

his
w

ould
probably

m
ore

than
offset

the
cost

of
the

requirem
ent

for
a

6%
larger

horizontalapertures.

F
o
cu

s
M

agn
et

N
on-linear

Scaling
L
inear

N
on-Scaling

By (Gauss)

x
(m

)
-0.50

-0.25
0.00

0.25
0.50

1.0
10

3

2.0
10

3

3.0
10

3

4.0
10

3

F
ig.

16:
C

entralfields
vs

horizontalposition
for

scaling
(case

1)
and

non-scaling
(case

2)
m

agnets.

T
he

transverse
acceptance

at
the

central
m

om
entum

w
as

show
n

in
F
ig

13
above,

and
the

results,
w

hen
scaled

to
the

sam
e

reference
m

om
entum

of
68

M
eV

/c,
are

given
in

table
5.

It
is

seen
that

the
acceptances

are
larger

for
the

linear
lattices

com
pared

w
ith

the
necessarily

non-linear
scaling

F
FA

G
cases,

but
not

that
m

uch
larger.

O
ne

m
ight

have
expected

a
greater

effect.
W

ith
no

non-linear
com

ponents
in

the
m

agnets,
w

hy
is

the
aperture

not
infinite?

Sim
ulations

of
hard

edged
linear

lattices
do

give
significantly

greater
acceptances

([4]),
so

it
has

to
be

the
non-linear

effect
of

the
realistic

end
fields

effects
that

are
lim

iting
the

acceptance.
T

he
com

bination
ofm

ore
gentle

field
changes

betw
een

the
m

agnets,and
the

use
oflinear

m
agnets

appears
to

increase
the

4
dim

ensionalacceptance
by

m
ore

than
a

factor
of2:

a
non-negligible

effect.
H

ow
ever,w

e
have

not
show

n
that

the
acceptance

is
increased

at
m

om
enta

other
than

the
reference.

U
nlike

the
scaling

case,the
acceptances

w
ill

now
be

m
om

entum
dependent.

M
ore

study
is

needed.

C
se

E
nd

shapes
B

vs
x

x
y

xy
2

fitted
scaling

12.57
2.04

25.6
1

14
cm

scaling
12.77

2.70
34.5

4
fitted

linear
21.65

1.95
42.3

3
14

cm
linear

22.78
2.37

54.1

T
able

5:
Sum

m
ary

of
acceptances

defined
by

fitted
ellipses
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5
S
u
m

m
a
ry

a
n
d

C
o
n
c
lu

sio
n
s

•
T

he
IC

O
O

L
sim

ulation
using

5
m

ultiploles
to

represent
the

field
index

k,
gives

a
good

representation
of

a
scaling

lattice.

•
T

he
observed

x
acceptances

for
zero

perpendicular
am

plitudes
agree

qualitatively
w

ith
Sato’s

report
at

N
U

FA
C

04,but
other

acceptances
appear

som
ew

hat
low

er.

•
U

sing
a

fit
to

the
azim

uthal
field

dependence
in

A
rim

oto’s
N

U
FA

C
T

04
talk

gave
som

ew
hat

less
acceptances

than
w

ith
m

ore
gentle

field
end

shapes.

•
R

em
oving

all
higher

m
om

ents,
thus

m
aking

the
m

agnets
linear

com
bined

function
(dipole

+
quadrupole),

gave
alm

ost
the

sam
e

m
om

entum
acceptance,required

som
ew

hat
low

er
peak

fields,
and

gave
an

over
2

tim
es

larger
4D

dynam
ic

aperture
at

the
chosen

centralm
om

entum
.

•
B

ut
w

e
have

not
studied

the
acceptance

as
a

function
of

m
om

entum
,
as

is
now

required
since

different
m

om
enta

have
quite

different
tunes.

R
e
fe

re
n
ce

s
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